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RADIUM  AND  RADIOACTIVITY 


BY  MME.  SKLODOWSKA  CURIE,  DISCOVERER 

OF  RADIUM 


HE  discovery  of  the  phenomena 
of  radioactivity  adds  a  new  group 
to  the  great  number  of  invisible 
radiations  now  known,  and  once 
more  "we  are  forced  to  recognize  how 
limited  is  our  direct  perception  of  the  world 
which  surrounds  us,  and  how  numerous  and 
varied  may  be  the  phenomena  which  we 
pass  without  a  suspicion  of  their  existence 
until  the  day  when  a  fortunate  hazard  re¬ 
veals  them. 

The  radiations  longest  known  to  us  are 
those  capable  of  acting  directly  upon  our 
senses;  such  are  the  rays  of  sound  and 
light.  But  it  has  also  long  been  recognized 
that,  besides  light  itself,  warm  bodies  emit 
rays  in  every  respect  analogous  to  luminous 
rays,  though  they  do  not  possess  the  power 
of  directly  impressing  our  retina.  Among 
such  radiations,  some,  the  infra-red,  an¬ 
nounce  themselves  to  us  by  producing 
a  measurable  rise  of  temperature  in  the 
bodies  which  receive  them,  while  others, 
the  ultra-violet,  act  with  specially  great 
intensity  upon  photographic  plates.  We 
have  here  a  first  example  of  rays  only  in¬ 
directly  accessible  to  us. 

Yet  further  surprises  in  this  domain  of 
invisible  radiations  were  reserved  for  us. 
The  researches  of  two  great  physicists. 
Maxwell  and  Herz,  showed  that  electric 
and  magnetic  effects  are  propagated  in 
the  same  manner  as  light,  and  that  there 
exist  “  electromagnetic  radiations,”  simi¬ 
lar  to  luminous  radiations,  which  are  to 
the  infra-red  rays  what  these  latter  are 
to  light.  These  are  the  electromagnetic 
radiations  which  are  used  for  the  transmis¬ 
sion  of  messages  in  wireless  telegraphy, 
d'hey  are  present  in  the  space  around  us 
whenever  an  electric  phenomenon  is  pro¬ 
duced,  especially  a  lightning  discharge. 
Their  presence  may  be  established  by  the 


use  of  special  apparatus,  and  here  again  the 
testimony  of  our  senses  appears  only  in  an 
indirect  manner.  If  we  consider  these  radi¬ 
ations  in  their  entirety,  —  the  ultra-violet, 
the  luminous,  the  infra-red,  and  the  electro¬ 
magnetic, — we  find  that  the  radiations  we 
see  constitute  but  an  insignificant  fraction 
of  those  that  exist  in  space.  But  it  is 
human  nature  to  believe  that  the  phenom¬ 
ena  we  know  are  the  only  ones  that  exist, 
and  whenever  some  chance  discovery  ex¬ 
tends  the  limits  of  our  knowledge  we  are 
filled  with  amazement.  We  cannot  become 
accustomed  to  the  idea  that  we  live  in  a 
world  that  is  revealed  to  us  only  in  a  re¬ 
stricted  portion  of  its  manifestations. 

Among  recent  scientific  achievements 
which  have  attracted  most  attention  must 
be  placed  the  discovery  of  cathode  rays, 
and  in  even  greater  measure  that  of  Roent¬ 
gen  rays.  These  rays  are  produced  in 
vacuum-tubes  when  an  electric  discharge 
is  passed  through  the  rarefied  gas.  The 
prevalent  opinion  among  physicists  is  that 
cathode  rays  are  formed  by  extremely  small 
material  particles,  charged  with  negative 
electricity,  and  thrown  off  with  great  ve¬ 
locity  from  the  cathode,  or  negative  elec¬ 
trode,  of  the  tube.  When  the  cathode  rays 
meet  the  glass  wall  of  the  tube  they  render 
it  vividly  fluorescent.  These  rays  can  be 
deflected  from  their  straight  path  by  the 
action  of  a  magnet.  Whenever  they  en¬ 
counter  a  solid  obstacle,  the  emission  of 
Roentgen  rays  is  the  result.  These  latter 
can  traverse  the  glass  and  propagate  them¬ 
selves  through  the  outside  air.  They  differ 
from  cathode  rays  in  that  they  carry  no 
electric  charge  and  are  not  deflected  from 
their  course  by  the  action  of  a  magnet. 
Every  one  knows  the  effect  of  Roentgen 
rays  upon  photographic  plates  and  upon 
fluorescent  screens,  the  radiographs  obtain- 
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able  from  them,  and  their  application  in 
surgery. 

The  discovery  of  Becquerel  rays  dates 
from  a  few  years  after  that  of  Roentgen 
rays.  At  first  they  were  much  less  noticed. 
The  world,  attracted  by  the  sensational 
discovery  of  Roentgen  rays,  was  less  in¬ 
clined  to  astonishment.  On  all  sides  a 
search  was  instituted  by  similar  processes 
for  new  rays,  and  announcements  of  phe¬ 
nomena  were  made  that  have  not  always 
been  confirmed.  It  has  been  only  gradu¬ 
ally  that  the  positive  existence  of  a  new 
radiation  has  been  established.  The  merit 
of  this  discovery  belongs  to  M.  Becquerel, 
who  succeeded  in  demonstrating  that  ura¬ 
nium  and  its  compounds  spontaneously 
emit  rays  that  are  able  to  traverse  opaque 
bodies  and  to  affect  photographic  plates. 

It  was  at  the  close  of  the  year  1897  that 
I  began  to  study  the  compounds  of  ura¬ 
nium,  the  properties  of  which  had  greatly 
attracted  my  interest.  Here  was  a  sub¬ 
stance  emitting  spontaneously  and  continu¬ 
ously  radiations  similar  to  Roentgen  rays, 
whereas  ordinarily  Roentgen  rays  can  be 
produced  only  in  a  vacuum-tube  with  the 
expenditure  of  electrical  energy.  By  what 
process  can  uranium  furnish  the  same  rays 
without  expenditure  of  energy  and  without 
undergoing  apparent  modification  ?  Is 
uranium  the  only  body  whose  compounds 
emit  similar  rays  ?  Such  were  the  questions 
I  asked  myself,  and  it  was  while  seeking 
to  answer  them  that  I  entered  into  the  re¬ 
searches  which  have  led  to  the  discovery 
of  radium. 

First  of  all,  I  studied  the  radiation  of 
the  compounds  of  uranium.  Instead  of 
making  these  bodies  act  upon  photographic 
plates,  I  preferred  to  determine  the  inten¬ 
sity  of  their  radiation  by  measuring  the 
conductivity  of  the  air  exposed  to  the 
action  of  the  rays.  To  make  this  measure¬ 
ment,  one  can  determine  the  speed  with 
which  the  rays  discharge  an  electroscope, 
and  thus  obtain  data  for  a  comparison.  I 
found  in  this  way  that  the  radiation  of 
uranium  is  very  constant,  varying  neither 
with  the  temperature  nor  with  the  illumi¬ 
nation.  I  likewise  observed  that  all  the 
compounds  of  uranium  are  active,  and 
that  they  are  more  active  the  greater  the 
proportion  of  this  metal  which  they  con¬ 
tain.  Thus  I  reached  the  conviction  that 
the  emission  of  rays  by  the  compounds 
of  uranium  is  a  property  of  the  metal  itself 


— that  it  is  an  ato7nic property  of  the  element 
uranium  independent  of  its  chemical  or 
physical  state. 

I  then  began  to  investigate  the  different 
known  chemical  elements,  to  determine 
whether  there  exist  others,  besides  uranium, 
that  are  endowed  with  atomic  radioactiv¬ 
ity — that  is  to  say,  all  of  the  compounds  of 
which  emit  Becquerel  rays.  It  was  easy  for 
me  to  procure  samples  of  all  the  ordinary 
substances — the  common  metals  and  met¬ 
alloids,  oxids  and  salts.  But  as  I  desired  to 
make  a  very  thorough  investigation,  I  had 
recourse  to  different  chemists,  who  put  at 
my  disposal  specimens — in  some  cases  the 
only  ones  in  existence  —  containing  very 
rare  elements.  I  thus  was  enabled  to  pass 
in  review  all  the  chemical  elements  and  to 
examine  them  in  the  state  of  one  or  more 
of  their  compounds.  I  found  but  one  ele¬ 
ment  undoubtedly  possessing  atomic  radio¬ 
activity  in  measurable  degree.  This  ele¬ 
ment  is  thorium.  All  the  compounds  of 
thorium  are  radioactive,  and  with  about 
the  same  intensity  as  the  similar  com¬ 
pounds  of  uranium.  As  to  the  other  sub¬ 
stances,  they  showed  no  appreciable  radio¬ 
activity  under  the  conditions  of  the  test. 

I  likewise  examined  certain  minerals.  I 
found,  as  I  expected,  that  the  minerals  of 
uranium  and  thorium  are  radioactive ;  but 
to  my  great  astonishment  I  discovered  that 
some  are  much  more  active  than  the  oxids 
of  uranium  and  of  thorium  which  they 
contain.  Thus  a  specimen  of  pitch-blende 
(oxid  of  uranium  ore)  was  found  to  be 
four  times  more  active  than  oxid  of  ura¬ 
nium  itself.  This  observation  astonished 
me  greatly.  What  explanation  could  there 
be  for  it?  How  could  an  ore,  containing 
many  substances  which  I  had  proved  in¬ 
active,  be  more  active  than  the  active  sub¬ 
stances  of  which  it  was  formed  ?  The  an¬ 
swer  came  to  me  immediately ;  The  ore 
must  contain  a  substance  more  radioactive 
than  uranium  and  thorium,  and  this  sub¬ 
stance  must  necessarily  be  a  chetnical  ele¬ 
ment  as  yet  unknown;  moreover,  it  can 
exist  in  the  pitch-blende  only  in  small 
quantities,  else  it  would  not  have  escaped 
the  many  analyses  of  this  ore ;  but,  on  the 
other  hand,  it  must  possess  intense  radio¬ 
activity,  since,  although  present  in  small 
amount,  it  produces  such  remarkable  ef¬ 
fects.  I  tried  to  verify  my  hypothesis  by 
treating  pitch-blende  by  the  ordinary  pro¬ 
cesses  of  chemical  analysis,  thinking  it 
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probable  that  the  new  substance  would 
be  concentrated  in  passing  through  cer¬ 
tain  stages  of  the  process.  I  performed 
several  experiments  of  this  nature,  and 
found  that  the  ore  could  in  fact  be  sepa¬ 
rated  into  portions  some  of  which  were 
much  more  radioactive  than  others. 

To  try  to  isolate  the  supposed  new 
element  was  a  great  temptation.  I  did 
not  know  whether  this  undertaking  would 
be  difficult.  Of  the  new  element  I  knew 
nothing,  except  that  it  was  radioactive. 
What  were  its  chemical  properties?  In 
what  quantity  did  it  appear  in  pitch-blende  ? 
I  began  the  analysis  of  pitch-blende  by 
separating  it  into  its  constituent  elements, 
which  are  very  numerous.  This  task  I  un¬ 
dertook  in  conjunction  with  M.  Curie.  We 
expected  that  perhaps  a  few  weeks  would 
suffice  to  solve  the  problem.  We  did  not 
suspect  that  we  had  begun  a  work  which 
was  to  occupy  years  and  which  was 
brought  to  a  successful  issue  only  after 
considerable  expenditure. 

We  readily  proved  that  pitch-blende 
contains  very  radioactive  substances,  and 
that  there  were  at  least  three.  That  which 
accompanies  the  bismuth  extracted  from 
pitch-blende  we  named  Polonium ;  that 
which  accompanies  barium  from  the  same 
source  we  named  Radium ;  finally,  M. 
Debierne  gave  the  name  of  Actinium  to  a 
substance  which  is  found  in  the  rare  earths 
obtained  from  the  same  ore. 

Radium  was  to  us  from  the  beginning 
of  our  work  a  source  of  much  satisfaction. 
Demargay,  who  examined  the  spectrum  of 
our  radioactive  barium,  found  in  it  new 
rays  and  confirmed  us  in  our  belief  that  we 
had  indeed  discovered  a  new  element. 

The  question  now  was  to  separate  the 
polonium  from  the  bismuth,  the  radium 
from  the  barium.  This  is  the  task  that  has 
occupied  us  for  years,  and  as  yet  we  have 
succeeded  only  in  the  case  of  radium.  The 
research  has  been  a  most  difficult  one.  We 
found  that  by  crystallizing  out  the  chlorid  of 
radioactiv^e  barium  from  a  solution  we  ob¬ 
tained  crystals  that  were  more  radioactive, 
and  consequently  richer  in  radium,  than 
the  chlorid  that  remained  dissolved.  It  was 
only  necessary  to  make  repeated  crystalli¬ 
zations  to  obtain  finally  a  pure  chlorid  of 
radium. 

But  although  we  treated  as  much  as  fifty 
kilograms  of  primary  substance,  and  crys¬ 
tallized  the  chlorid  of  radiferous  barium 


thus  obtained  until  the  activity  was  con¬ 
centrated  in  a  few  minute  crystals,  these 
crystals  still  contained  chiefly  chlorid  of 
barium ;  as  yet  radium  was  present  only  in 
traces,  and  we  saw  that  we  could  not  finish 
our  experiments  with  the  means  at  hand 
in  our  laboratory.  At  the  same  time  the 
desire  to  succeed  grew  stronger;  for  it 
became  evident  that  radium  must  possess 
most  intense  radioactivity,  and  that  the 
isolation  of  this  body  was  therefore  an 
object  of  the  highest  interest. 

Fortunately  for  us,  the  curious  properties 
of  these  radium-bearing  compounds  had 
already  attracted  general  attention,  and  we 
were  assisted  in  our  search. 

A  chemical  factory  in  Paris  consented 
to  undertake  the  extraction  of  radium  on 
a  large  scale.  We  also  received  certain 
pecuniary  assistance,  which  allowed  us  to 
treat  a  large  quantity  of  ore.  The  most 
important  of  these  grants  was  one  of 
twenty  thousand  francs,  for  which  we  are 
indebted  to  the  Institute  of  France. 

We  were  thus  enabled  to  treat  succes¬ 
sively  about  seven  tons  of  a  primary  sub¬ 
stance  which  was  the  residue  of  pitch-blende 
after  the  extraction  of  uranium.  To-day  we 
know  that  a  ton  of  this  residue  contains 
from  two  to  three  decigrams  (from  four  to 
seven  ten-thousandths  of  a  pound)  of  ra¬ 
dium.  During  this  treatment,  and  as  soon 
as  I  had  in  my  possession  a  decigram  of 
chlorid  of  radium  recognized  as  pure  by 
the  spectroscope,  I  determined  the  atomic 
weight  of  this  new  element,  finding  it  to 
be  225,  while  that  of  barium  is  137. 

The  properties  of  radium  are  extremely 
curious.  This  body  emits  with  great  in¬ 
tensity  all  of  the  different  rays  that  are  pro¬ 
duced  in  a  vacuum-tube.  The  radiation, 
measured  by  means  of  an  electroscope,  is 
at  least  a  million  times  more  powerful  than 
that  from  an  equal  quantity  of  uranium. 
A  charged  electroscope  placed  at  a  dis¬ 
tance  of  several  meters  can  be  discharged 
by  a  few  centigrams  of  a  radium  salt.  One 
can  also  discharge  an  electroscope  through 
a  screen  of  glass  or  lead  five  or  six  centi¬ 
meters  thick.  Photographic  plates  placed 
in  the  vicinity  of  radium  are  almost  instantly 
affected  if  no  screen  intercepts  the  rays ; 
with  screens,  the  action  is  slower,  but  it 
still  takes  place  through  very  thick  ones  if 
the  exposure  is  sufficiently  long.  Radium 
can  therefore  be  used  in  the  production  of 
radiographs. 
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The  compounds  of  radium  are  spontatie- 
ously  luffiitious.  The  chlorid  and  bromide, 
freshly  prepared  and  free  from  water,  emit 
a  light  which  resembles  that  of  the  glow¬ 
worm.  This  light  diminishes  rapidly  in 
moist  air ;  if  the  salt  is  in  a  sealed  tube,  it 
diminishes  slowly  by  reason  of  the  trans¬ 
formation  of  the  white  salt,  which  becomes 
colored,  but  the  light  never  completely, 
disappears.  By  redissolving  the  salt  and 
drying  it  anew,  its  original  luminosity  is 
restored. 

A  glass  vessel  containing  radium  spon¬ 
taneously  charges  itself  with  electricity.  If 
the  glass  has  a  weak  spot, — for  example,  if 
it  is  scratched  by  a  file, — an  electric  spark 
is  produced  at  that  point,  the  vessel  crum¬ 
bles  like  a  Leiden  jar  when  overcharged, 
and  the  electric  shock  of  the  rupture  is  felt 
by  the  fingers  holding  the  glass. 

Radium  possesses  the  remarkable  prop¬ 
erty  of  liberating  heat  spontaneously  and 
continuously.  A  solid  salt  of  radium  devel¬ 
ops  a  quantity  of  heat  such  that  for  each 
gram  of  radium  contained  in  the  salt  there 
is  an  emission  of  one  hundred  calories  per 
hour.  Expressed  differently,  radium  can 
melt  in  an  hour  its  weight  in  ice.  When 
we  reflect  that  radium  acts  in  this  man¬ 
ner  continuously ,  we  are  amazed  at  the 
amount  of  heat  produced,  for  it  can  be 
explained  by  no  known  chemical  reaction. 
The  radiumremains  apparently  unchanged. 
If,  then,  we  assume  that  it  undergoes  a 
transformation,  we  must  therefore  con¬ 
clude  that  the  change  is  extremely  slow : 
in  an  hour  it  is  impossible  to  detect  a 
change  by  any  known  methods. 

As  a  result  of  its  emission  of  heat,  radium 
always  possesses  a  higher  temperature  than 
its  surroundings.  This  fact  may  be  estab¬ 
lished  by  means  of  a  thermometer,  if  care 
is  taken  to  prevent  the  radium  from  losing 
heat. 

Radium  has  the  power  of  communi¬ 
cating  its  radioactivity  to  surrounding 
bodies.  This  is  a  property  possessed  by 
solutions  of  radium  salts  even  more  than 
by  the  solid  salts.  When  a  solution  of  a 
radium  salt  is  placed  in  a  closed  vessel,  the 
radioactivity  in  part  leaves  the  solution 
and  distributes  itself  through  the  vessel, 
the  walls  of  which  become  radioactive  and 
luminous.  The  radiation  is  therefore  in 
part  exteriorized.  We  may  assume,  with 
Mr.  Rutherford,  that  radium  emits  a  radio¬ 
active  gas  and  that  this  spreads  through 


the  surrounding  air  and  over  the  surface 
of  neighboring  objects.  This  gas  has  re¬ 
ceived  the  name  emanation.  It  differs  from 
an  ordinary  gas  in  the  fact  that  it  gradually 
disappears. 

Certain  bodies — bismuth,  for  instance-^ 
may  also  be  rendered  active  by  keeping 
them  in  solution  with  the  salts  of  radium. 
These  bodies  then  become  atomically  ac¬ 
tive  and  keep  this  radioactivity  even  after 
chemical  transformations.  Little  by  little, 
however,  they  lose  it,  while  the  activity  of 
radium  persists. 

The  nature  of  radium  radiations  is 
very  complex.  They  may  be  divided  into 
three  distinct  groups,  according  to  their 
properties. 

One  group  is  composed  of  radiations 
absolutely  analogous  to  cathode  rays,  com¬ 
posed  of  material  particles  called  elec¬ 
trons,  much  smaller  than  atoms,  negatively 
charged,  and  projected  from  the  radium 
with  great  velocity — a  velocity  which  for 
some  of  these  rays  is  very  little  inferior  to 
that  of  light. 

The  second  group  is  composed  of  radia¬ 
tions  which  are  believed  to  be  formed  by 
material  particles  the  mass  of  which  is  com¬ 
parable  to  that  of  atoms,  charged  with  posi¬ 
tive  electricity,  and  set  in  motion  by  radium 
with  a  great  velocity,  but  one  that  is  infe¬ 
rior  to  that  of  the  electrons.  Being  larger 
than  electrons  and  possessing  at  the  same 
time  a  smaller  velocity,  these  particles  have 
more  difficulty  in  traversing  obstacles  and 
form  rays  that  are  less  penetrating. 

Finally,  the  radiations  of  the  third  group 
are  analogous  to  Roentgen  rays  and  do 
not  behave  like  projectiles. 

The  radiations  of  the  first  group  are 
easily  deflected  by  a  magnet ;  those  of  the 
second  group,  less  easily  and  in  the  oppo¬ 
site  direction  ;  those  of  the  third  group  are 
not  deflected.  From  its  power  of  emitting 
these  three  kinds  of  rays,  radium  may  be 
likened  to  a  complete  little  Crookes  tube 
acting  spontaneously. 

Radium  is  a  body  which  gives  out  energy 
continuously  and  spontaneously.  This 
liberation  of  energy  is  manifested  in  the 
different  effects  of  its  radiation  and  ema¬ 
nation,  and  especially  in  the  development 
of  heat.  Now,  according  to  the  most  fun¬ 
damental  principles  of  modern  science,  the 
universe  contains  a  certain  definite  pro¬ 
vision  of  energy,  which  can  appear  under 
various  forms,  but  cannot  be  increased. 
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Without  renouncing  this  conception,  we 
cannot  believe  that  radium  creates  the  en¬ 
ergy  which  it  emits ;  but  it  can  either  absorb 
energy  continuously  from  without,  or  pos¬ 
sess  in  itself  a  reserve  of  energy  sufficient 
to  act  during  a  period  of  years  without 
visible  modification.  The  first  theory  we 
may  develop  by  supposing  that  space  is 
traversed  by  radiations  that  are  as  yet  un¬ 
known  to  us,  and  that  radium  is  able  to 
absorb  these  radiations  and  transform  their 
energy  into  the  energy  of  radioactivity. 
Thus  in  a  vacuum-tube  the  electric  energy 
is  utilized  to  produce  cathode  rays,  and  the 
energy  of  the  latter  is  partly  transformed, 
by  the  bodies  which  absorb  them,  into 
the  energy  of  Roentgen  rays.  It  is  true 
that  we  have  no  proof  of  the  existence  of 
radiations  which  produce  radioactivity; 
but,  as  indicated  at  the  beginning  of  this 
article,  there  is  nothing  improbable  in  sup¬ 
posing  that  such  radiations  exist  about  us 
without  our  suspecting  it. 

If  we  assume  that  radium  contains  a 
supply  of  energy  which  it  gives  out  little 
by  little,  we  are  led  to  believe  that  this 
body  does  not  remain  unchanged,  as  it 
appears  to,  but  that  it  undergoes  an  ex¬ 
tremely  slow  change.  Several  reasons 
speak  in  favor  of  this  view.  First,  the  emis¬ 
sion  of  heat,  which  makes  it  seem  probable 
that  a  chemical  reaction  is  taking  place  in 
the  radium.  But  this  can  be  no  ordinary 
chemical  reaction,  affecting  the  combina¬ 
tion  of  atoms  in  the  molecule.  No  chem¬ 
ical  reaction  can  explain  the  emission  of 
heat  due  to  radium.  Furthermore,  radio¬ 
activity  is  a  property  of  the  atom  of  radium  ; 
if,  then,  it  is  due  to  a  transformation,  this 
transformation  must  take  place  in  the  atom 
itself.  Consequently,  from  this  point  of 
view,  the  atom  of  radium  would  be  in  a 
process  of  evolution,  and  we  should  be 
forced  to  abandon  the  theory  of  the  in¬ 
variability  of  atoms,  which  is  at  the  foun¬ 
dation  of  modern  chemistry. 

Moreover,  we  have  seen  that  radium 
acts  as  though  it  shot  out  into  space  a 
shower  of  projectiles,  some  of  which  have 
the  dimensions  of  atoms,  while  others  can 
only  be  very  small  fractions  of  atoms.  If 
this  image  corresponds  to  a  reality,  it  fol¬ 
lows  necessarily  that  the  atom  of  radium 
breaks  up  into  subatoms  of  different  sizes, 
unless  these  projectiles  come  from  the 
atoms  of  the  surrounding  gas,  disintegrated 
by  the  action  of  radium ;  but  this  view 


would  likewise  lead  us  to  believe  that  the 
stability  of  atoms  is  not  absolute. 

Radium  emits  continuously  a  radioac¬ 
tive  emanation  which,  from  many  points 
of  view,  possesses  the  properties  of  a  gas. 
Mr.  Rutherford  considers  the  emanation 
as  one  of  the  results  of  the  disintegration 
of  the  atom  of  radium,  and  believes  it  to 
be  an  unstable  gas  which  is  itself  slowly 
decomposed. 

Professor  Ramsay  has  announced  that 
radium  emits  helium  gas  continuously.  If 
this  veryimportant  fact  is  confirmed,  it  will 
show  that  a  transformation  is  occurring 
either  in  the  atom  of  radium  or  in  the  neigh¬ 
boring  atoms,  and  a  proof  will  exist  that  the 
transmutation  of  the  elements  is  possible. 

When  a  body  that  has  remained  in  solu¬ 
tion  with  radium  becomes  radioactive,  the 
chemical  properties  of  this  body  are  modi¬ 
fied,  and  here  again  it  seems  as  though 
we  have  to  deal  with  a  modification  of 
the  atom.  It  would  be  very  interesting  to 
see  whether,  by  thus  giving  radioactivity 
to  bodies,  we  can  succeed  in  causing  an 
appreciable  change  in  their  atoms.  We 
should  thus  have  a  means  of  producing 
certain  transformations  of  elements  at  will. 

It  is  seen  that  the  study  of  the  properties 
of  radium  is  of  great  interest.  This  is  true 
also  of  the  other  strongly  radioactive  sub¬ 
stances,  polonium  and  actinium,  which  are 
less  known  because  their  preparation  is  still 
more  difficult.  All  are  found  in  the  ores  of 
uranium  and  thorium,  and  this  fact  is  cer¬ 
tainly  not  the  result  of  chance,  but  must 
have  some  connection  with  the  manner  of 
formation  of  these  elements.  Polonium, 
when  it  has  just  been  extracted  from  pitch¬ 
blende,  is  as  active  as  radium,  but  its  radio¬ 
activity  slowly  disappears ;  actinium  has  a 
persistent  activity.  These  two  bodies  differ 
from  radium  in  many  ways;  their  study- 
should  therefore  be  fertile  in  new  results. 
Actinium  lends  itself  readily  to  the  study 
of  the  emanation  and  of  the  radioactivity- 
produced  in  inactive  bodies,  since  it  gives 
out  emanation  in  great  quantity.  It  would 
also  be  interesting,  from  the  chemical  point 
of  view,  to  prove  that  polonium  and  ac¬ 
tinium  contain  new  elements.  Finally,  one 
might  seek  out  still  other  strongly  radio¬ 
active  substances  and  study  them. 

But  all  these  investigations  are  exceed¬ 
ingly  difficult  because  of  the  obstacles  en¬ 
countered  in  the  preparation  of  strongly 
radioactive  substances.  At  the  present 
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time  we  possess  only  about  a  gram  of  the 
pure  salts  of  radium.  However  great  may 
be  the  care  taken  in  such  researches,  small 
losses  are  inevitable,  and  serious  losses  have 
at  times  resulted  from  unforeseen  accidents 
brought  on  by  the  disconcerting  properties 
of  radium.  Research  in  all  branches  of 
experimental  science— physics,  chemistry, 
physiology,  medicine — is  impeded,  and  a 


whole  evolution  in  science  is  retarded,  by 
the  lack  of  this  precious  and  unique  ma¬ 
terial,  which  can  now  be  obtained  only  at 
great  expense.  We  must  now  look  to  in¬ 
dividual  initiative  to  come  to  the  aid  of 
science,  as  it  has  so  often  done  in  the  past, 
and  to  facilitate  and  expedite  by  generous 
gifts  the  success  of  researches  the  influence 
of  which  may  be  far-reaching. 


A  MILLION  IMMIGRANTS  A  YEAR 

I.  EFFORTS  TO  RESTRICT  UNDESIRABLE 
IMMIGRATION 

BY  HENRY  CABOT  LODGE, 

Member  of  the  Senate  Committee  on  Immigration 


O  those  who  for  many  years  have 
been  striving,  both  in  Congress 
and  out,  to  secure  better  immi¬ 
gration  laws,  the  recent  enor¬ 
mous  increase  in  the  volume  of  immigra¬ 
tion  to  the  United  States  is  not  without  its 
compensations  in  the  way  of  justification 
and  support.  An  increase  of  immigration 
is  always  coincident  with  periods  of  marked 
prosperity  in  business,  and  the  phenomenal 
prosperity  of  the  last  six  years  has  resulted 
in  an  immigration  to  the  United  States 
which,  without  exaggeration,  may  be  de¬ 
scribed  as  appalling  in  quality  and  in 
amount  to  those  who  consider  the  subject 
carefully  in  its  widest  bearings.  There  is 
every  reason,  therefore,  for  immediate  ac¬ 
tion,  already  too  long  delayed,  as  well  as 
for  a  thorough  comprehension  of  the  con¬ 
ditions  of  the  problem. 

Nothing,  perhaps,  will  give  so  good  an 
idea  of  the  importance  and  far-reaching 
nature  of  this  question  and  of  the  impera¬ 
tive  need  of  restrictive  legislation  as  to 
trace  briefly  what  has  been  already  accom¬ 
plished  and  attempted  in  this  direction  in 
Congress.  My  own  attention  was  first 
drawn  to  the  matter  of  immigration  to  the 
U  nited  States  more  than  fifteen  years  ago 
by  discovering  from  an  examination  of  the 
statistics  the  radical  change  which  had 
then  begun,  and  which  has  continued  ever 


since  with  increasing  force,  in  the  races  and 
places  of  origin  of  our  immigrants.  To 
understand  the  profound  significance  of 
the  change  1  am  about  to  describe,  a  brief 
historical  statement  is  necessary. 

The  first  settlements  in  what  afterward 
became  the  English  colonies  and  later  the 
United  States  of  America  were  made  by 
the  English  in  New  England  and  Virginia, 
the  Dutch  in  New  York,  and  the  Swedes 
on  the  Delaware.  In  a  comparatively  short 
time  the  English  immigration  became  over¬ 
whelmingly  predominant,  and  before  the 
seventeenth  century  closed  all  the  colonies 
on  the  Atlantic  coast  had  passed  into  the 
possession  of  Great  Britain.  Under  Eliza¬ 
beth  and  at  the  time  of  the  Jamestown  and 
Plymouth  settlements  the  English  had 
become  a  well-defined  race  in  the  historical 
in  contradistinction  to  the  scientific  sense 
of  the  word,  and  it  is  important  for  my 
purpose  here  to  restate  the  stocks  by  the 
amalgamation  of  which  the  historic  Eng¬ 
lish  race,  as  it  was  known  then  and  has 
been  known  since,  was  formed.  The  foun¬ 
dation  was  given  by  the  Saxons,  Angles, 
Jutes,  and  other  German  tribes,  which 
descended  upon  England  soon  after  #the 
fall  of  the  Roman  Empire,  exterminating, 
as  they  did  in  large  degree,  the  native 
British  from  what  is  now  England,  and 
pushing  the  rest  back  into  the  mountains 


